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1
FLOW CONTROL GRID

FIELD

The disclosed subject matter relates to a flow control grid
and more specifically to a flow control grid including a flow
straightening section having a plurality of flow channel
assemblies and a flow turning section having a plurality of
turning vanes which extend into and cooperate with the flow
straightening section to cause a change in direction of fluid
flow and to develop a uniform flow velocity profile across an
outlet of the flow control grid.

BACKGROUND

Most of the energy used in the world is derived from the
combustion of carbon and hydrogen-containing fuels such as
coal, oil and natural gas. In addition to carbon and hydrogen,
these fuels contain oxygen, moisture and contaminants. Flue
gas is a byproduct of the combustion of the fuels and can
contain ash, sulfur (often in the form of sulfur oxides, referred
to as “SOx™), nitrogen compounds (often in the form of
nitrogen oxides, referred to as “NOx”™), chlorine, mercury,
and other trace elements. Awareness regarding the damaging
effects of the contaminants released during combustion trig-
gers the enforcement of ever more stringent limits on emis-
sions from power plants, refineries and other industrial pro-
cesses. There is an increased pressure on operators of such
plants to achieve near zero emission of contaminants.

Numerous processes and systems have been developed in
response to the desire to achieve near zero emission of con-
taminants Systems and processes include, but are not limited
to selective catalytic reduction (SCR) systems, desulfuriza-
tion systems (known as wet flue gas desulfurization “WFGD”
and dry flue gas desulfurization “DFGD”), particulate filters
(including, for example, bag houses, particulate collectors,
and the like), as well as the use of one or more sorbents that
absorb contaminants from the flue gas.

Chemical reactions on a solid catalyst surface of commer-
cial SCR systems convert NOx to N,. Typically the solid
catalysts are disposed on a substrate formed in a grid config-
ured to allow the flue gas to flow through the grid and react
with the catalyst. One problem with SCR system is that activ-
ity of the catalyst depends on temperature and flue gas con-
stituents and deteriorates over time. For example, catalysts
may require replacement prematurely due to erosion caused
by localized high velocities of the flue gas through portions of
the grid. However, controlling the velocity of the flue gas
entering the grid can be difficult because typically flue gas
enters the SCR generally horizontally from a side and must
turn and change to a downward direction at an inlet of the
grid. Apparatuses for changing the direction of the flue gas
and attempting to establish a uniform velocity profile of the
flue gas entering the grid are typically large and add signifi-
cant height to a SCR. Such apparatuses are heavy, difficult to
install and the increased SCR height results in increased cost.
Accordingly, there is a need for a more compact and effective
flow control grid that can change the direction of fluid flow
and create a substantially uniform velocity profile at the outlet
thereof.

SUMMARY

According to aspects illustrated herein, there is provided a
flow control grid including a plurality of channel assemblies
connected to one another. Each of the plurality of channel
assemblies defines a flow straightening section and a flow
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turning section. The flow turning section has an arcuate seg-
ment and a first substantially flat segment. The first substan-
tially flat segment is positioned in the flow straightening
section. The arcuate segment extends outwardly from the
flow straightening section.

According to other aspects disclosed herein, there is pro-
vided a conduit for controlling fluid velocity including an
inlet duct in fluid communication with a hood section. The
conduit includes a flow control grid extending across the hood
section in a stepped configuration. The conduit also includes
a plurality of channel assemblies connected to one another.
Each of the plurality of channel assemblies defines a flow
straightening section and a flow turning section. The flow
turning section has an arcuate segment and a substantially flat
segment. The substantially flat segment is positioned in the
flow straightening section and the arcuate segment extends
outwardly from the flow straightening section.

The above described and other features are exemplified by
the following figures and detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the figures, which are exemplary embodi-
ments, and wherein the like elements are numbered alike:

FIG. 1 is a schematic diagram of a power plant system
including a Selective Catalytic Reduction (SCR) reactor
therein;

FIG. 2 is a side elevation view of an SCR having flow
control grid installed therein;

FIG. 3 is a top view of a portion of the flow control grid of
FIG. 2, taken across section 3-3 of FIG. 2;

FIG. 4 is an enlarged view of a portion of the flow control
grid of FIG. 3;

FIG. 5 is a velocity profile graph of normalized velocity of
a fluid flow exiting the flow control grid as a function of a
distance from an inlet to the grid; and

FIG. 6 is a graph of the approach angle of a fluid exiting the
flow control grid as a function of a distance from an inlet to the
grid.

DETAILED DESCRIPTION

Referring now to FIG. 1, a power plant, such as a coal fired
power plant, is designated generally by the numeral 10. The
power plant 10 includes a furnace 12 defining a combustion
chamber 14 and a flue gas exhaust section 16 positioned
downstream of the combustion chamber. The flue gas exhaust
section 16 is in fluid communication with and coupled to a
Selective Catalytic Reduction (SCR) reactor 18 by a conduit
20. The conduit 20 is connected between an outlet 22 of the
exhaust section 16 and an inlet 24 of the SCR reactor 18. The
SCR reactor 18 defines an outlet 26 that is in fluid communi-
cation with an air preheater 28. An electrostatic precipitator
30is in fluid communication with and positioned downstream
of the air preheater 28. A Flue Gas Desulfurization System
(FGDS) 32 is in fluid communication with and positioned
downstream of the electrostatic precipitator 30. A stack 34 is
in fluid communication with and positioned downstream of
the FGDS 32 and an induced draft fan 33.

The SCR reactor 18 defines a main body section 18A
having a lower downstream end positioned adjacent to and in
fluid communication with the outlet 26. The SCR reactor 18
also defines a hood section 18B positioned adjacent to and in
fluid communication with the inlet 24. Two catalyst grids 36
are positioned in an interior area 18C defined by the SCR
reactor 18. The catalyst grids 36 have a plurality of flow paths
36A extending therethrough. A catalytic material 36B is dis-
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posed on surfaces of the catalyst grids 36 so that flue gas
flowing, with ammonia injected from another grid 46,
through the catalyst grids 36 is exposed to and reacts with the
catalytic material, to remove pollutants such as NOx from the
flue gas.

The SCR reactor 18 also includes a flow control grid 40
positioned in the hood section 18B downstream of the inlet 24
and upstream of and above the catalyst grids 36. The flow
control grid 40 defines a flow straightening section 42 posi-
tioned in a lower segment (e.g., downstream) of the flow
control grid 40. The flow control grid 40 also includes a flow
turning section 44. The flow turning section 44 includes a first
segment 44A extending outwardly from and positioned above
(e.g., upstream of) the flow straightening section 42 and a
second segment 44B positioned in and constituting part of the
straightening section 42. The flow control grid 40 is config-
ured to cause a ninety degree change in direction of fluid flow
and to develop a uniform flow velocity profile across an outlet
40B of the flow control grid. For example, referring to FI1G. 2,
the direction of fluid flow is changed from a first direction F1
generally parallel to an axis designated X-axis in the conduit
20 to a second direction F2 below the flow control grid 40.
The fluid flows in the general direction of the arrows F3
between the conduit 20 and the outlet 40B. The first direction
F1 is oriented ninety degrees from the second direction F2,
which generally parallel to an axis designated Z-axis. While
the flow control grid 40 is shown and described to affect a
ninety degree change in direction of flow, the present disclo-
sure is not limited in this regard as the flow control grid may
be configured for changes in flow directions of other magni-
tudes including but not limited to those having magnitudes
greater than or less than ninety degrees.

Referring to FIG. 2, the control grid 40 is shown having
sixteen channel assemblies 51, 52, 53, 54, 55, 56, 57, 58, 59,
60, 61, 62, 63, 64, 65 and 66 positioned in the hood section
18B in a stepped configuration having a slope defined by an
angle S between a first reference line R1 and a second refer-
ence line R2. In one embodiment the angle S is about 8 to
about 12 degrees. Each of the channel assemblies 52, 53, 54,
55,56,57,58,59, 60, 61, 62, 63, 64, 65 and 66 is offset in the
direction ofthe arrow T (e.g., upwardly) from arespective one
ofthe channel assemblies 51,52, 53,54,55,56,57,58,59, 60,
61,62, 63, 64 and 65 adjacent to and on the inlet 24 side of the
respective one of the channel assemblies 52, 53, 54, 55, 56,
57, 58, 59, 60, 61, 62, 63, 64, 65 and 66. For example, the
channel assembly 52 is offset from the channel assembly 51,
in the direction indicated by the arrow T, by a distance G.
While the control grid 40 is shown and described as having
sixteen of the channel assemblies 51, 52, 53, 54, 55, 56, 57,
58, 59, 60, 61, 62, 63, 64, 65 and 66 positioned in the hood
section 18B, the present disclosure is not limited in this regard
as any number of the channel assemblies may be employed.
The angle S may vary depending upon the actual duct dimen-
sions.

As shown in FIG. 3, the channels assemblies 51, 52, 53 and
54 extend from and are secured to a first side 18F of the SCR
reactor 18 and terminate and are secured to a second side 18R
of the SCR reactor. Similar to that shown in FIG. 3 for chan-
nels assemblies 51, 52, 53 and 54, channel assemblies 55, 56,
57,58, 59, 60, 61, 62, 63, 64, 65 and 66 also extend from and
are secured to a first side 18F of the SCR reactor 18 and
terminate and are secured to a second side 18R of the SCR
reactor, similar to that described and shown for channel
assemblies 51, 52, 53 and 54. As shown in FI1G. 2, the channel
assemblies 51, 52,53, 54, 55,56,57, 58,59, 60, 61, 62, 63, 64,
65 and 66 are arranged in the stepped configuration starting
from an area 40S adjacent to the inlet 24. End faces 68 of the
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4

channel assemblies 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65 and 66 are positioned diagonally across the first
side 18F and the second side 18R of the hood section 18B in
the general direction of the arrow U and terminating adjacent
to a corner 40T of the hood section 18B. As illustrated in
FIGS. 2 and 3, two plates 72 extend transversely across and
support the channel assemblies 51, 52, 53, 54, 55, 56, 57, 58,
59, 60, 61, 62, 63, 64, 65 and 66. One edge 72E of the each of
the plates 72 is secured to an inside surface 18T defined by the
hood section 18B.

Referring to FIGS. 2-4, the flow channel assembly 51
adjacent to the inlet 24 includes a turning vane 51A and five
flow plates 51B, 51C, 51D, 51E and 51F positioned substan-
tially parallel to one another and spaced apart from one
another by a distance W1. Each of the flow plates 51B, 51C,
51D, 51E and 51F is substantially flat and has a height H and
athickness W3. The turning vane 51A is defined by: 1) a first
substantially straight section 51J extending between a first
point 77 and a second point 75; 2) an arcuate segment 51K
extending between the second point 75 and a third point 74
and having a radius of curvature R5; and 3) a second substan-
tially flat section 51L extending from the third point 74 and
terminating at a fourth point 76 (i.e., a distal end of the flat
section 51L). The second substantially flat section 51L is
skewed away from the flow plates 51B, 51C, 51D, 51F and
51F at an angle A2 relative to a reference line R3. The second
substantially flat section 511, and the arcuate segment 51K
extend over the flow plates 51B, 51C, 51D, 51E and 51F
towards the inlet 24 in a direction indicated by a arrow T2, by
a distance W2. In one embodiment the distance G is about one
third of the height H. In one embodiment, the distance W2 is
about equal to five times the distance W1 plus about five times
the thickness W3. In one embodiment, the angle A2 is about
ten degrees. In one embodiment the distance W1 is about four
inches. While the angle A2 is described as being about ten
degrees, the present invention is not limited in this regard as
the angle A2 may be of other magnitudes including those
greater or less than ten degrees. Although the distance W1 is
described as being about four inches, the distance W1 may be
of other magnitudes greater or less than four inches.

Adjacent pairs of the flow plates 51B, 51C, 51D, 51E and
51F define flow paths 70 therebetween (e.g., flow paths hav-
ing rectangular cross sections). The first substantially straight
section 51J and the flow plate 51B define another flow path 70
therebetween. Each of the flow paths 70 extend between an
inlet plane 79 and an outlet plane 80. A turning area 78 is
defined between the second substantially flat section 511 and
the arcuate segment 51K, and the inlet plane 79. In the turning
area 78 fluid flowing in the direction F1 is turned ninety
degrees to the direction F2 as shown by the arrows F3.

The fourth point 76 is spaced apart from the inlet plane 79,
in the direction indicated by the arrow T by a distance H2
measured along a line perpendicular to the inlet plane. The
flow channel assembly 51 has an overall height H3 equal to
the sum of the distance H2 and the height H of the flow plates
51B, 51C, 51D, 51E and 51F.

Referring to FIGS. 2-4, the flow channel assembly 52
positioned between the flow channel assemblies 51 and 53
includes a turning vane 52A and eight flow plates 52B, 52C,
52D, 52K, 52F, 52G, 52H and 521 positioned substantially
parallel to one another and spaced apart from one another by
a distance W1. Each of the flow plates 52B, 52C, 52D, 52E,
52F, 52G, 52H and 521 is substantially flat and has a height H.
The turning vane 52A is defined by: 1) a first substantially
straight section 52J extending between a first point 77 and a
second point 75; 2) an arcuate segment 52K extending
between the second point 75 and a third point 74 and having
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a radius of curvature R5; and 3) a second substantially flat
section 52 extending from the third point 74 and terminating
at a fourth point 76. The second substantially flat section 521
is skewed away from the flow plates 52B, 52C, 52D, 52F and
52F at an angle A2 relative to a reference line R3. The second
substantially flat section 521, and the arcuate segment 52K
extend over the flow plates 52B, 52C, 52D, 52E and 52F
towards the inlet 24, by a distance W2.

Adjacent pairs of the flow plates 52B, 52C, 52D, 52E, 52F,
52G, 52H and 521 define flow paths 70 therebetween. The first
substantially straight section 52J and the flow plate 52B
define another flow path 70 therebetween; and first substan-
tially straight section 51J and the flow plate 521 define another
flow path 70 therebetween. Each of the flow paths 70 extend
between an inlet plane 79 and an outlet plane 80. A turning
area 78 is defined between the second substantially flat sec-
tion 521 and the arcuate segment 52K, and the inlet plane 79.
Inthe turning area 78 fluid flowing in the direction F1 is turned
ninety degrees to the direction F2. The fourth point 76 is
spaced apart from the inlet plane 79, in the direction indicated
by the arrow T by a distance H2 measured along a line
perpendicular to the inlet plane. The flow channel assembly
52 has an overall height H3 equal to the sum of the distance
H2 and the height H of the flow plates 52B, 52C, 52D, 52E,
52F, 52G, 52H and 52I.

Each of the flow channel assemblies 53, 54, 55, 56, 57, 58,
59,60, 61, 62,63, 64 and 65 is configured similarly to the flow
channel assembly 52. The flow channel assembly 66 is con-
figured similar to the flow channel assembly 51. Accordingly,
like elements are assigned like element numbers and letters.
For example, flow channel assembly 53 includes a turning
vane 53A and eight flow plates 53B, 53C, 53D, 53E, 53F,
53G, 53H and 531 positioned substantially parallel to one
another and spaced apart from one another by a distance W1.
Each of the flow plates 53B, 53C, 53D, 53E, 53F, 53G, 53H
and 531 is substantially flat and has a height H. The turning
vane 53 A is defined by: 1) a first substantially straight section
53] extending between a first point 77 and a second point 75;
2) an arcuate segment 53K extending between the second
point 75 and a third point 74 and having a radius of curvature
R5; and 3) a second substantially flat section 531 extending
from the third point 74 and terminating at a fourth point 76.
The second substantially flat section 531 is skewed away
from the flow plates 53B, 53C, 53D, 53E and 53F at an angle
A2 relative to a reference line R3. The second substantially
flat section 531 and the arcuate segment 53K extend over the
flow plates 53B, 53C, 53D, 53E and 53F towards the inlet 24,
by a distance W2. The flow channel assemblies 51, 52,53, 54,
55,56,57,58,59, 60, 61, 62, 63, 64, 65 and 66 each have an
overall height H3 equal to the sum of the distance H2 and the
height H.

Referring to FIGS. 2 and 4 the flow channel assemblies 51,
52,53,54,55,56,57,58,59, 60,61, 62, 63, 64, 65 and 66 ecach
define a first aspect ratio equal to the height H divided by the
distance W1. In one embodiment, the first aspect ratio is equal
to about 3 to about 4.5. While the first aspect ratio is described
as being equal to about 3 to about 4.5, the present disclosure
is not limited in this regard as the first aspect ratio may be of
other magnitudes including but not limited to the following
range: 2 to 9.

Substantial computational fluid dynamic analysis was per-
formed by the inventors which identified, contrary to conven-
tional logic, that the channel assemblies 51, 52, 53, 54, 55, 56,
57,58,59, 60, 61, 62, 63, 64, 65 and 66 having the first aspect
ratio equal to about 3 to about 4.5 resulted in more uniform
flow velocity profiles and flow angles compared to grids
having higher aspect ratios.
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Referring to FIGS. 2 and 3, a first flow distribution array 82
is positioned in the conduit 20 and in the hood section 18B;
and a second flow distribution array 84 is positioned in the
conduit 20 upstream of the inlet 24. The first flow distribution
array 82 is defined by a first row 82A of twelve substantially
cylindrical members, such as but not limited to tubes 86 each
having a diameter D9 and a second row 82B of thirteen
substantially cylindrical members, such as but not limited to
tubes 86 each having a diameter D10. One of the tubes 86 is
positioned in the hood section 18B. The rows 82A and 82B
are spaced apart from one another by a distance W5 and are
inclined at an angle S9 relative to a reference line R9. In one
embodiment the diameter D9 is about 2 inches, the spacing
W5 is about six inches and the angle S9 is about forty five
degrees. The second flow distribution array 84 is defined by
four substantially cylindrical members, such as but not lim-
ited to tubes 85 having a diameter D10. The tubes 85 are
arranged in two rows 84 A and 84B, with two of the tubes 85
in the row 84A being positioned above the tubes 85 in the row
84B. The tubes 86 and 85 extend between and are secured to
a first side 20F and a second side 20R of the conduit 20. One
of'the tubes 86 is positioned between and secured to the first
side 18F and the second side 18R of the hood section 18B.
The first flow distribution array 82 and the second flow dis-
tribution array 84 have utility in decreasing velocity entering
the flow channel assembly 51 adjacent to the inlet 24. While
one of the tubes 86 is described and shown as being posi-
tioned in the hood section 18B, the present disclosure is not
limited in this regard as any number of tubes may be posi-
tioned in the hood section and/or the conduit 20.

During operation of the SCR reactor 18, flue gas flows from
the exhaust section 16 and into the conduit 20 in the general
direction of the arrow F1. The flue gas travels through the
hood section 18B and into the flow control grid in the general
direction ofthe arrows F3. The flow distribution arrays 82 and
84 distribute flow substantially uniformly into each of the
flow channel assemblies 51, 52,53, 54, 55,56,57,58, 59, 60,
61, 62, 63, 64, 65 and 66. The direction of the flow of flue gas
is changed by ninety degrees in the turning areas 78 and then
flows through the flow paths 70. The flue gas exits the flow
paths 70 in the general direction of the arrow F2. The flow
channel assemblies 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62,63, 64, 65 and 66 and/or the flow distribution arrays 82 and
84 cooperate to create a substantially uniform flow velocity
profile downstream of the flow channel assemblies from a
point 40V to another point 40W for admission to the catalyst
grids 36. The uniform flow velocity profile is described herein
in terms of normalized velocity of the flue gas exiting each of
the flow paths 70. The normalized velocity is defined herein
as a velocity at a particular point divided by the average of
velocities of fluid flow at a plurality of points between the
point 40V and the point 40W. For example, as shown FIG. 5§
the normalized velocity of the flue gas exiting the flow paths
70 proximate the outlet plane 80 is shown on a V-axis and
percentage of distance from point 40V to the point 40W is
shown on the X-axis. In one embodiment, the normalized
velocity of the flue gas exiting the flow paths 70 proximate the
outlet plane 80 is between about 0.85 and 1.35. In particular,
from the point 40V to a point 40X located a distance of about
17% of the distance X1 from the point 40V to the point 40W
the normalized velocity of the flue gas exiting the flow paths
70 proximate the outlet plane 80 is between about 0.85 and
1.35; and from the point 40X to the point 40 W the normalized
velocity of the flue gas exiting the flow paths 70 proximate the
outlet plane 80 is between about 0.85 and about 1.1 or about
0.90 and about 1.1.
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Referring to FIGS. 2, 4 and 6, in one embodiment, the
direction of the flow of the flue gas exiting the flow paths 70
proximate the outlet plane 80 is at an angle 0 relative to the
Z-axis. The angle 0 is negative for fluid vectors having a
negative X component Vx(-) and Vz component. The angle 6
is positive for fluid vectors having a positive X component
Vx(+) and Vz component. FIG. 6 is a graph the angle 6 shown
onthe 0-axis and percentage of distance from point 40V to the
point 40W is shown on the X-axis. In one embodiment, the
angle 0 of the flue gas exiting the flow paths 70 proximate the
outlet plane 80 with a majority of points within +/— (plus or
minus) fifteen degrees of a reference line (Vz) Z-axis (e.g.
vertical).

The flow control grid is operable to affect a substantially
uniform velocity profile at an outlet thereof. In one embodi-
ment, the substantially uniform velocity profile is defined by
a maximum deviation of normalized velocity having a major-
ity of values between about 0.85 and 1.1. In one embodiment,
the uniform velocity profile at the outlet 40B is defined by
angular velocity vectors having a direction within a range of
about +/- fifteen degrees from the reference line Vz. The flow
control grid has utility in Selective Catalytic Reduction
(SCR) reactors for use in furnaces which discharge ash con-
taining flue gas such as coal and, to a lesser extent, oil burning
furnaces. In such SCRs the uniform angular velocity profile
created by the flow control grid improves efficiency of the
SCR and reduces erosion caused by high localized flow
velocities. The advantage of this invention is the reduction of
the SCR reactor height resulting in less construction material
and support steel with substantial savings in material and
labor costs.

The terms “first,” “second,” and the like, herein do not
denote any order, quantity, or importance, but rather are used
to distinguish one element from another. The terms “a” and
“an” herein do not denote a limitation of quantity, but rather
denote the presence of at least one of the referenced item.

While the invention has been described with reference to
various exemplary embodiments, it will be understood by
those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing
from the essential scope thereof. Therefore, it is intended that
the invention not be limited to the particular embodiment
disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments
falling within the scope of the appended claims.

What is claimed is:

1. A flow control system for changing the direction of a
fluid flow and developing a uniform flow velocity within a
conduit, the flow control system comprising:

a flow distribution array comprising a plurality of tubes
extending across a width of the conduit and secured
between first and second sides of the conduit;

a plurality of channel assemblies disposed adjacent to one
another and arranged in a stepped configuration; each
channel assembly for receiving a portion of the fluid
flow including:
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a flow straightening section including a plurality of flow
plates positioned substantially parallel to one another
and spaced apart from one another to define a plurality
of flow paths between the spaced flow plates;

a flow turning section disposed upstream of the flow
straightening section, the flow turning section includ-
ing a turning vane for directing a respective portion of
the fluid flow substantially to the plurality of flow
paths defined by the flow plates of the respective flow
straightening section, the turning vane having an
arcuate segment that extends outwardly and upstream
from the flow straightening section: and the flow dis-
tribution array disposed upstream of the channel
assemblies.

2. The flow control system of claim 1 wherein the flow
straightening section has a first height and the flow plates are
spaced apart from one another by a first width, and the first
height divided by the first width defines an aspect ratio, the
aspect ratio having a magnitude of about 3 to about 4.5.

3. The flow control system of claim 1 wherein the flow
turning section defines a second substantially flat section
extending upstream from the arcuate segment.

4. The flow control system of claim 1 wherein the turning
vane is curved to change the direction of a fluid flowing
therethrough by about ninety degrees.

5. The flow control system of claim 1 wherein the plurality
of'the tubes of the flow distribution array comprise at least one
cylindrical member extending across the conduit.

6. The flow control system of claim 1 wherein the flow
straightening section has a first height and the flow plates are
spaced apart from one another by a first width, and the first
height divided by the first width defines a first ratio, the first
ratio having a magnitude of about 3 to about 4.5.

7. The flow control system of claim 1 being disposed in a
selective catalytic reduction reactor.

8. The flow control system of claim 1 wherein the flow
straightening section has a first height and the flow plates are
spaced apart from one another by a first width, and the first
height divided by the first width defines an aspect ratio, the
aspect ratio having a magnitude of about 2 to about 9.

9. The flow control system of claim 1, further characterized
in that an inlet duct is in fluid communication with a hood
section; and

the plurality of channel assemblies extending across the

hood section in a stepped configuration.

10. The flow control system of claims 1 wherein the turning
vane includes a first substantially flat segment being disposed
downstream of the arcuate segment and in the flow straight-
ening section to define a flow path in the flow straightening
section.

11. The flow control system of claim 1, wherein the flow
plates are disposed vertically.

12. The flow control system of claim 1 wherein the plural-
ity of tubes of the flow distribution array comprises a plurality
of'tubes extending across the conduit in an incline formation.

13. The flow control system of claim 1 further comprising
first and second flow distribution arrays, the second flow
distribution array having a plurality of spaced members dis-
posed downstream of the first flow distribution array.
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